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Abstract—Several preventive and corrective actions are avail-
able to the system operator enabling reliability management
within a power system. The objective of reliability management is
trying to exploit a power system with a minimal socio-economic
cost while taking into account the possibility of a contingency on
one or multiple elements (e.g. branch, generator) and changing
operating conditions. The operating cost is minimized by opti-
mally choosing between all available preventive and corrective
actions, most commonly facilitated by an optimal power flow
algorithm. This paper presents an overview of the most relevant
actions for AC power systems and how to efficiently implement
them in an OPF environment.
I. INTRODUCTION
Power system reliability management can be defined as
a sequence of decisions which are taken under uncertainty
in order to meet a certain reliability criterion. A reliability
criterion is a principle imposing a basis to determine whether
or not the reliability level of a given operating state of the
power system is acceptable [1]. This can be expressed as a
set of constraints that must be satisfied by the decisions taken
by the system operator (SO). An example of such a reliability
criterion is the N-1 criterion, which states that the considered
power system must be able to withstand any credible single
contingency (e.g. the loss of a generator), in such a way that
a new operational set point can be reached without violating
the security constraints of that power system. The SO makes
use of a power systems inherent flexibility options to reach
a new operation set point. These flexibility options are also
referred to as actions and the distinction can be made between
preventive and corrective actions. Preventive actions are those
flexibility options preventively activated to adapt the system
state, anticipating all possible contingencies and the need for
corrective operator intervention when a certain contingency oc-
curs. Corrective actions are those flexibility options available
to adapt the system state immediately after a contingency has
occurred, sufficiently quick to avoid cascading of the event.
It is the responsibility of the SO to select the actions, both
preventive and corrective, that result in an optimal reliability,
which ideally leads to a minimal global socio-economic cost.
Most efficiently, this is done by implementing all considered
actions in an Optimal Power Flow (OPF) [2], which is adapted
to take the possibility of contingencies into account. This type
of OPF is generally referred to as a Security Constrained OPF
(SCOPF) [3]. The general formulation of a SCOPF is given
by (1)-(5):
min
u0,uc
f(u0,uc) (1)
subject to: G0(x0, u0, y0) = 0 (2)
H0(x0, u0, y0) ≥ 0 (3)
Gc(xc, uc, yc) = 0 ∀c (4)
Hc(xc, uc, yc) ≥ 0 ∀c (5)
In this formulation, u, x and y respectively represent the
control variables, state variables and parameters. The index
0 and c indicate the preventive base case and the corrective
contingent cases. Equation (2)-(3) respectively ensure that the
power flow equations and the operating limits are respected
for the preventive base case while (4)-(5) does this for the
considered corrective contingent cases. This paper presents
an overview of available actions for AC power system and
the linear implementation of those actions in an SCOPF
environment.
II. AVAILABLE ACTIONS IN AC POWER SYSTEMS
In this section, the most common available actions in an AC
power system are listed. There are four main type of actions:
1) Actions that affect the power balance in the system:
generator redispatch, demand side management and load
curtailment [4].
2) Topological actions influencing power flows through the
system: phase shifting transformer control [5], switching
actions [6].
3) Reactive power and voltage management: generator volt-
age set point changes, on-load tap changer transformer
control.
4) Special protection schemes: Specific actions triggered
by specific grid related events.
This paper focusses on the first two types of actions.
A. Generator Redispatch
Generator redispatch uses the available upward and
downward power reserves in the power system to change
the power injection and consequently change the power
flows within the grid [7]. Generator redispatch can be used
to alleviate congestion or to compensate for a generator
outage. The implementation of generator redispatch is very
case specific and depends on the market structure as well as
the SO. These power reserves are stipulated in contracts or
purchased on the market in a liberalized system. The SO can
ask to shut down, start up or change the power output of a
generator. These actions need to be financially compensated
by either the SO or the generator, depending on the type of
redispatch. In a vertically integrated system, these reserves
are made available to the SO.
B. Load Shedding and Demand Side Management
As an alternative to generator redispatch, the demand can
also be altered in order to keep the power balance within the
system. Two methods exist that facilitate a change of the power
demand: load shedding and demand side management [8].
Load shedding entails the unannounced interruption of supply.
The cost of load shedding corresponds to the value of lost load,
which is the estimated amount a customer is willing to pay
to avoid a disruption in their electricity service. The value of
the loss of electricity can be expressed as a customer damage
function (CDF), which is a non-linear function of load type,
time and duration of the interruption.
Demand side management is the modification of consumer
demand in exchange for financial compensation. Demand side
management allows to shift a part of a consumers energy
requirements to another point in time. The cost of demand
side management is directly linked to the electricity price at
a specific point in time.
C. Phase Shifting Transformer
A phase shifting transformer (PST) is able to control the
active power flow through a certain transmission line, thus
changing the power flows throughout the entire grid.
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Fig. 1: Representation of transmission line with a PST
A PST can be represented as a reactance XPST in series
with a phase shift as depicted in Figure 1 [9]. The power
flow through the line is altered by inserting an angle α which
changes the phase angle over the line from δ to δ + α. The
angle α of the phase shifting transformer is controllable within
certain limits, αmax and αmin. A PST operated by the SO can
significantly influence the power flows in the system while the
cost associated with its control is very low.
D. Switching Actions
Reconfiguration of the grid topology using switching actions
allows to alter the power flow in the system, alleviating
possible congestion. Switching as a means of control in a
power system is described in [10]. This can enable cheaper
redispatch or avoid the need for load shedding when balancing
the system. Several methods are available to alter the topology
of a transmission system. The first method, in literature often
referred to as transmission switching, allows for the switching
of the branches within a transmission grid. A second and
more complete method, bus bar switching, allows to adapt
the topology of a transmission grid on breaker level and thus
also includes transmission switching. As switching enables a
larger set of possible topology configurations, it also increases
the complexity of the problem.
III. LINEAR IMPLEMENTATION OF THE ACTIONS IN AN
OPF ENVIRONMENT
In this section, the linear implementation in an OPF envi-
ronment of all considered actions of section II is discussed.
The presented formulation generates a finite set of linear
constraints which produces a search space in the form of a
convex polytope, entailing a minimal computational burden.
Implementation of the preventive and corrective formulation
for the same action are fairly similar. In each subsection, the
formulation of the preventive implementation of an action
is discussed, after which the changes for the corrective im-
plementation are highlighted. The index 0 for the preventive
variables introduced in section I in (1)-(3) is omitted as it is
redundant.
A. Generator Redispatch
The implementation of preventive generation redispatch
within an OPF requires the addition of a cost term (6) to
the objective function (1) and the addition of constraints (7)
to (9). ∑
g
Cprevg ∆P
prev
g (6)
The total preventive redispatch penalty is the sum of the
cost of preventive redispatch Cprevg ∆P
prev
g for all generators
g. The cost parameter Cprevg changes depending on the type
of generator and on the nature of the redispatch. Piece-wise
linear formulation [11] of the objective function allows to
integrate such a non-constant parameter Cprevg . This formu-
lation is convex as long as the cost parameter Cprev,upg for
upward preventive redispatch of a generator g exceeds that
of downward preventive redispatch Cprev,downg . An example
of such a piece-wise linear representation of the preventive
redispatch cost is depicted Figure 2.
Pming ≤ P prevg ≤ Pmaxg ∀g (7)
∆P prevg = P
prev
g − Pmarketg ∀g (8)
Rprev,downg ≤ ∆P prevg ≤ Rprev,upg ∀g (9)
Equation (7) ensures that the technical limits of all gener-
ators g are respected. Equation (8) determines the preventive
generator redispatch ∆P prevg , which is equal to the difference
between the generator set point after preventive generator
redispatch P prevg and the set point provided by the market
Pmarketg . Equation (9) ensures that the preventive generator
redispatch ∆P prevg is within the downward R
prev,down
g and the
upwards reserves Rprev,upg .
∆P prevg
Cprevg ∆P
prev
g
negative redispatch
Cprevg = C
prev,down
g
positive redispatch
Cprevg = C
prev,up
g
Fig. 2: Piece-wise linear representation of the preventive
generator redispatch cost
The implementation of corrective generation redispatch within
an OPF requires the addition of a cost (10) to the objective
function (1) and the addition of constraints (11) to (13).∑
g
∑
c
λcζg,cC
cor
g ∆P
cor
g,c (10)
The corrective redispatch cost penalty for a generator g is
equal the cost of corrective redispatch Ccorg ∆P
cor
g,c, taking into
account the probability of the occurrence of a certain contin-
gency λc. If an contingency c occurs on a certain generator g,
that generator needs to be excluded from the penalty. This
is done by multiplying the penalty with a parameter ζg,c.
The constant ζg,c is equal to zero when the generator g is
unavailable during a contingency c, in all other instances ζg,c
is equal to one. The integration of different cost parameters
for upward and downward redispatch can be done using piece-
wise linear constraints, similar to preventive redispatch. The
total penalty is the summation of the cost of redispatch for all
generators g and contingencies c.
ζg,cP
min
g ≤ P corg,c ≤ ζg,cPmaxg ∀g, c (11)
∆P corg,c = P
cor
g,c − P prevg ∀g, c (12)
Rcor,downg −M(1− ζg,c) ≤ ∆P corg,c ≤ Rcor,upg ∀g, c (13)
Equation (11) makes sure that the technical limits of the
generator are respected, the addition of ζg,c on both the left
and the right hand side of the equation ensures that during
a contingency involving the generator g, the power output
P corg,c of the generator is zero. Equation (12) determines the
corrective redispatch ∆P prevg , which is equal to the differences
between the corrective and preventive generator set points.
Equation (13) ensures that the corrective redispatch ∆P prevg
is within the contracted downwards Rcor,downg and the upwards
reserves Rcor,downg , which takes the ramping rates of the gener-
ators into account. The downward redispatch limit is disabled
for a contingent generator using the term M(1− ζg,c), where
M is a big number [12].
B. Load Shedding
In order to implement load shedding as linear constraints,
each load needs to be subdivided in smaller loads with a
constant load shedding cost. The implementation of preventive
load shedding within an OPF requires the addition of a cost
term (14) to the objective function (1) and the addition of
constraints (15) to (16).∑
l
Cprevl ∆P
prev
l (14)
The load shedding penalty for a load l is equal the cost of
load shedding Cprevl ∆P
prev
l . The total penalty is the summation
of the cost of load shedding for all loads l.
Pminl ≤ P prevl ≤ Pmaxl ∀l (15)
∆P prevl = P
max
l − P prevl ∀l (16)
Equation (15) ensures that the active power consumed by the
load l is limited between Pminl and P
max
l . Equation (16) ensures
that the shedded load ∆P prevl is equal to the difference between
the maximum load power Pmaxl and the actual preventive
load set point P prevl . The implementation of corrective load
shedding uses a similar formulation. The penalty cost of
corrective load shedding (17) needs to be calculated for each
contingency c taking into account the probability of each
contingency λc. ∑
l
∑
c
λcC
cor
l ∆P
cor
l,c (17)
The constraints are similar but need to be generated for all
contingencies c. Constraint (16) needs to be adapted into (18)
for corrective load shedding in order to reflect the difference
between the preventive set point P prevl and the corrective set
point P prevl,c instead of the difference between the maximal set
point and the preventive set point.
∆P corl,c = P
prev
l − P corl,c ∀l, c (18)
Demand side management can be implemented in the same
way as load shedding, taking into account that both an increase
as a decrease of the load power is possible.
C. Phase Shifting Transformer
A transmission line equipped with a PST can be modeled as
depicted in Figure 3. The phase shifting angle α is modelled
as two additional active power injections with an opposite sign
on both sides of the PST, represented by the impedance XPST .
The addition of those power injections P +(α) and P−(α)
alters the power flow through the transmission line. The sum
of the injections of both fictive generators needs to be zero,
as they do not exist in reality. Their injections must also be
limited, taking into account the technical limits αmin and αmax
of the PST.
P+(α)
s
XPST
-P−(α)
k
XL
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Fig. 3: Model of a PST
The implementation of a PST within an OPF requires the
addition of a cost term (19) to the objective function (1) and
the addition of constraints (20) to (22).∑
p
Cprevp ∆P
prev
p (19)
The cost penalty for a PST p is equal to the product of
the cost of preventive usage of the phase shifting transformer
Cprevp , accounting for the wear of the transformer, and the
difference of the phase shifting transformer setting ∆P prevp .
The total penalty is the summation of the cost of phase shifting
for all phase shifting transformers p.
P prev,+p − P prev,−p = 0 ∀p (20)
∆P prev,+,minp ≤ ∆P prev,+p ≤ ∆P prev,+,maxp ∀p (21)
|P ini,+p − P prev,+p | = ∆P prevp ∀p (22)
Equation (20) ensures that the fictive power P prev,+p injected
at node s is equal to the power P prev,-p extracted at node k (Fig.
3). Equation (21) limits the fictive power injection P prev,+p , and
consequently also P prev,-p , taking into account the limits on
α. Equation (22) determines ∆P prevp which is equal to the
absolute difference between the initial set point P ini,+p and
the set point P prev,+p of the phase shifting transformer in the
preventive grid state. As it is the objective of the optimization
to minimize the cost, the absolute value |P ini,+p − P prev,+p | can
be implemented in a linear way by replacing equations (21)
and (22) with equations (23), (24) and (25).
∆P prevp = ∆P
prev,up
p + ∆P
prev,down
p ∀p (23)
0
P prev,+p − P ini,+p
}
≤ ∆P prev,upp ≤ ∆P prev,+,maxp ∀p (24)
0
P ini,+p − P prev,+p
}
≤ ∆P prev,downp ≤ |∆P prev,+,minp | ∀p (25)
Either ∆P prev,upp or ∆P
prev,down
p deviates from zero in case
the set point of the PST is changed and represent the absolute
value |P ini,+p −P prev,+p |, the other variable is then equal to zero.
The implementation of corrective usage of a PST is similar
to the preventive formulation. The penalty cost for corrective
PST usage (26) needs to be calculated for each contingency c
taking into account the probability of each contingency λc.∑
p
∑
c
λcC
cor
p ∆P
cor
p,c (26)
The constraints are similar to the preventive formulation but
need to be generated for all contingencies c. Constraint (22)
needs to be adapted into (27) for the corrective usage of the
PST in order to reflect the difference between the preventive
set point P prev,+p and the corrective set point P cor,+p,c instead of
the difference between the initial set point and the preventive
set point.
|P prev,+p − P cor,+p,c | = ∆P corp,c ∀p, c (27)
D. Switching
Breakers can be modeled in an OPF as lossless elements us-
ing on/off constraints [13]. An on/off constraint is a constraint
that is activated when the corresponding binary variable δb of
the considered breaker b is equal to one. The implementation
of preventive usage of a breaker within an OPF requires the
addition of a cost (28) to the objective function (1) and the
addition of constraints (29) to (31).∑
b
Cprevb ∆δ
prev
b (28)
The penalty for operating a breaker b is equal to the product
of the cost of preventive usage of the breaker Cprevb , accounting
for the wear of the breaker, and the change of the state of the
breaker ∆δb. The total penalty is the summation of the cost
of breaker usage for all breakers b.
δprevb P
min
b ≤ P prevb ≤ δprevb Pmaxb ∀b (29)
−M(1− δprevb ) ≤ U¯ previ − U¯ prevj ≤M(1− δprevb ) ∀b (30)
|δinib − δprevb | = ∆δprevb ∀b (31)
Equation (29) ensures that the power flow P prevb through a
breaker b is equal to zero if the breaker is open (δprevb = 0). In
case the breaker is closed (δprevb = 1), equation (29) ensures
that the technical limits of the breaker are respected. The
actual power flow P prevb through the breaker is determined by
the power balance equations included in the standard OPF
formulation. Equation (30) sets the voltage U¯ of both end
nodes of the breaker equal to each other when the breaker b
is closed. A linear implementation of this constraints requires
generating this constraint for both the voltage magnitude |U |
and the voltage angle θ. In case the breaker is open, equation
(30) ensures that the voltages are independent from each
other. Equation (31) determines ∆δprevb which is the absolute
difference between the status of the breakers for their initial
state δinib and their preventive state δ
prev
b . The absolute value in
Equation (31) can be linearized using the same technique as
described for the phase shifting transformers.
The implementation of corrective usage of a breaker is similar
to the preventive formulation. The penalty cost for breaker
usage (32) needs to be calculated for each contingency c taking
into account the probability of each contingency λc.∑
b
∑
c
λcC
cor
b ∆δ
cor
b,c (32)
The constraints are similar as well but need to be generated
for all contingencies c. Constraint (31) becomes (33) for
the corrective usage of the breakers in order to reflect the
difference between the preventive set point δprevb and the
corrective set point δcorb,c instead of the difference between the
initial set point and the preventive set point.
|δprevb − δcorb,c| = ∆δcorb,c ∀b, c (33)
IV. CASE STUDY OF PREVENTIVE AND CORRECTIVE
ACTIONS
In order to test the different preventive and corrective
actions, they are implemented in a DC SCOPF and tested on
the Roy Billinton Test System (RBTS), depicted in Figure 4.
The RBTS consists of five substations and a load (Table II)
is connected to each substation, except for substation S1. The
RBTS is interconnected by seven transmission lines (Table III).
Eleven generators (Table IV) are located in the grid, of which
four are connected to substation S1 and seven to substation
S2.
S1 S2
S3 S4
S5
T1 T2
T3
T4
T5
T6
T7
L1
L2 L3
L4
G G
P1
Fig. 4: Roy Billinton Test System
In this section, three case studies are conducted. Each case
study is a one-hour Day Ahead Congestion Forecast (DACF)
where all possible N-1 contingencies are considered. In order
to keep the results clear, it is assumed that the load demand
and renewable generation during the considered hour remain
constant. During each case study, the SO has different pre-
ventive and corrective actions at his disposal. The available
actions during each case study are depicted in Table I.
TABLE I: Available actions for each case study
Preventive Actions Corrective Actions
Redisp. PST Switch. Redisp. Shed. PST Switch.
1 X – – X X – –
2 X X – X X X –
3 X – X X X – X
The preliminary set points of all generators (Pmarketg ) are
submitted to the SO. Based on that data, a DACF analysis is
conducted by the SO in order to determine the preventive and
corrective actions it has to take in order to have a stable system
at all times. During this analysis, the considered contingencies
are the failure of exactly one element (e.g. generator or
transmission line) with the probability of failure λc denoted
in their respective tables.
TABLE II: Load Data
Load Sub. Pminl P
max
l C
cor
l
[MW] [MW] [e/MWh]
L1 S2 10 20 10206
L2 S3 75 85 10206
L3 S4 30 40 10206
L4 S5 10 20 10206
TABLE III: Transmission Line Data
Line Length Admittance Pmaxt λc
[km] [p.u.] [MW] [-]
T1, T6 48 5.555 85 0.001713
T2 160 1.666 50 0.005710
T3 128 2.083 50 0.004568
T4, T5, T7 32 8.333 71 0.001142
A. Case Study 1: Generator Redispatch and Load Shedding
In the first case study, preventive generation redispatch,
corrective generation redispatch and corrective load shedding
are the only available actions. The preventive redispatch allows
to adapt the generation set point compared to those set by
the market Pmarketg . As preventive generation redispatch comes
at a cost, it is only activated if the market set points cause
congestion in the system or if preventive redispatch is cheaper
then corrective redispatch taking into account the probability
of the contingencies. The market set points Pmarketg provided in
Table IV cause congestion on the transmission lines T2 and T3
as a result of an excessive generation output on substation S2.
Preventive generation redispatch alleviates this congestion by
reducing the generation of generator G5 and G10 of substation
S2 and increasing the generation of generators G1 and G2 of
substation S1.
Pg
Gen.G1 G2 G5 G10
10 MW
20 MW
30 MW
40 MW
Market
Preventive
Fig. 5: Case Study 1: Preventive generator redispatch
An unbalance in the generation and load due to a contingency,
because of the failure of a generator or because of congestion
caused by an outage of a transmission line, can only be
corrected by corrective generation redispatch or by shedding
load in the first case study. The corrective generation
TABLE IV: Generator Data
Gen. Sub. Pmaxg P
market
g λc Preventive Generator Data Corrective Generator Data
C
pre,down
g C
pre,up
g R
pre,down
g R
pre,up
g C
cor,down
g C
cor,up
g R
cor,down
g R
cor,up
g
[MW] [MW] [-] [e/MWh] [e/MWh] [MW] [MW] [e/MWh] [e/MWh] [MW] [MW]
G1 S1 40 4.2 0.015 4.45 12.05 -40 40 44.5 120.5 0 10
G2 S1 40 15.8 0.015 4.35 12.05 -40 40 43.5 120.5 -10 10
G3 S1 10 8.7 0.015 – – 0 0 -3000.0 – -10 0
G4 S1 20 16.3 0.015 – – 0 0 -3000.0 – -20 0
G5 S2 40 38.4 0.005 5.00 14.00 -40 40 50.0 140.0 -10 10
G6 S2 20 19.7 0.005 4.30 11.90 -20 20 43.0 119.0 -20 0
G7 S2 20 19.2 0.005 – – 0 0 -3000.0 – -20 0
G8 S2 20 19.8 0.005 – – 0 0 -3000.0 – -20 0
G9 S2 20 19.3 0.005 – – 0 0 -3000.0 – -20 0
G10 S2 5 3.6 0.005 5.45 15.35 -5 5 54.5 153.5 0 5
G11 S2 5 0 0.005 4.40 12.20 -5 5 44.0 122.0 0 5
redispatch and shedded load is depicted in Figure 6 for
contingency C1 to C18.
Fig. 6: Case Study 1: Corrective generator redispatch. Each
square of the first eleven rows depicts the corrective generator
set point P corg,c relative to the maximal set point P
max
g of
that generator for each contingency. The corrective generator
set point consist of the preventive generator set point P prevg ,
depicted in gray, adjusted with possible upwards or downwards
corrective generation redispatch, respectively depicted in green
and orange. Each square in the last row depicts the part of the
total shedable load that is shedded during a contingency.
B. Case Study 2: Generator Redispatch, Load Shedding and
PST
The implementation of a PST can help to alleviate con-
gestion during certain contingencies and consequently enable
cheaper generation redispatch. Case study 2 introduces a PST
P1 to transmission line T4 (Figure 4). For the purpose of
this case study, the angle limits are set to ±0.4 (rad). The
usage of the PST causes wear of the transformer tap changer
and consequently comes at a cost. The cost of using the
PST is set equal to 400e/(rad). The implementation of the
PST P1 enables cheaper generator redispatch options during
contingencies C12 and C17 (Figure 7).
Contingencies C12 and C17 exclude either transmission line
T1 or T6, which are equivalent, resulting in the same grid
state. This causes congestion on both T6/T1 and T2. The
total power that can be transported by T6/T1 (85 MW) and T2
(50 MW) is 135 MW, which is insufficient to supply the loads
connected to substations S3, S4 and S5 with a total demand
of 145 MW. In order to correct this unbalance, 10 MW of load
L2 is shed. To supply the remaining load, the flow through the
grid needs to be adapted. In case study 1, this is accomplished
by downwards redispatch of the generators G2, G3 and G4 of
substation S1 and upwards generator redispatch of G5 and
G11 of substation S2. The downwards redispatch of G3 and
G4 comes at a high cost as these are renewable generators and
their downwards redispatch cost significantly exceeds that of
a conventional generator.
∆P corL2,C12 + ∆P
cor,up
G5,C12 + ∆P
cor,up
G11,C12
=
∆P cor,downG2,C12 + ∆P
cor,down
G3,C12 + ∆P
cor,down
G4,C12
The redispatch can be avoided by adapting the power flow in
the power system using a PST. In case study 2, the set point of
the PST for contingencies C12 and C17 is adapted to change
the power flow through T4 changes from 0 to 21 MW. This
influences the power flow in the system in such a way that
the power flow through T3 is reduced to 20 MW compared
to 30 MW in the case without a PST, negating the need for
redispatch between generators of substations S1 and S2. Load
shedding of 10 MW (L2) still takes place as the lines T6/T1
and T2 are incapable of supplying the entire load of substation
S3, S4 and S5. The corresponding downward redispatch is
provided by generator G2 of substation S1.
∆P corL2,C12 = ∆P
cor,down
G2,C12
C. Case Study 3: Generator Redispatch, Load Shedding and
Switching
An alternative approach to adapting the power flow in a
transmission system is changing its topology. The case study
Fig. 7: Case study 2: The difference in corrective generation
redispatch and load shedding between CS1 without PST in the
grid and CS2 with a PST connected to transmission line T4
for contingencies C12 (T1) and C17 (T7).
3 introduces transmission line switching which allows to
eliminate transmission lines by opening their breakers. This
causes wear of the breakers and consequently comes at a cost.
For the purpose of this case study, the cost of breaker operation
is set at 400e. Elimination of transmission lines T4 and T5
influences the power flow in the system is such a way that the
power flow through T3 is reduced to 10 MW (Fig. 8). This
allows the negative redispatch needed to compensate for the
load shedding of 10 MW (L4) to be done by generator G5.
∆P corL4,C12 = ∆P
cor,down
G5,C12
A note must be made on the fact that these switching actions
reduce the RBTS system to a radial system, which in reality
is not an acceptable strategy.
Fig. 8: Case study 3: The difference in corrective generation
redispatch and load shedding between CS1 without transmis-
sion line switching in the grid and CS3 with transmission line
switching for contingencies C12 (T1) and C17 (T7).
V. CONCLUSION
This paper has presented the preventive and corrective ac-
tions as wel as a linear implementation for generator redispach,
load shedding, demand side management, PST control and
switching operations in a SCOPF. The effectiveness of these
actions is demonstrated in a test case. Even in a small test
network, it can be seen that considering all possible actions
can result in reduced need for generator redispatch.
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